The superfluid helium technology, which is essentially used in particle accelerators, requires complex cryogenic systems that include long lines transferring cold helium vapours at a subathmospheric pressure below 50 mbar. Usually in large systems the subatmospheric pressure is generated by a set of warm and cold compressors. In consequence, the heat loads to the line and especially the helium temperature in the inlet to the cold compressors are crucial parameters. The temperature of flowing helium is measured by temperature sensors which are usually fixed to the external surface of the process lines (so-called "saddle" technique). However, this technique can lead to unwanted measurement errors and affect the temperature measurement dynamics mainly due to low thermal conductivity of the pipe wall material, large pipe diameters and low helium density. Assembling a temperature sensor in a small-size tube reaching the centerline of the flowing helium (so-called "well" technique) is supposed to improve the measurement quality and dynamics (response time). The paper presents the numerical simulations of heat transfers occurring in the both measurement techniques and discusses the impacts of heat transfer resistances on temperature measurement dynamics.
Introduction
The superfluid helium technology, which is essentially used in particle accelerators, requires complex cryogenic systems that include long lines transferring cold helium vapours at a subathmospheric pressure below 50 mbar. Usually in large systems the subatmospheric pressure is generated by a set of warm and cold compressors. In consequence, the heat loads to the line and especially the helium temperature in the inlet to the cold compressors are crucial parameters. The temperature of flowing helium is measured by temperature sensors which are usually fixed to the external surface of the process lines (so-called "saddle" technique). However, this technique can lead to unwanted measurement errors and affect the temperature measurement dynamics mainly due to low thermal conductivity of the pipe wall material, large pipe diameters and low helium density. Assembling a temperature sensor in a small-size tube reaching the centerline of the flowing helium (so-called "well" technique) is supposed to improve the measurement quality and dynamics (response time). The paper presents the numerical simulations of heat transfers occurring in the both measurement techniques and discusses the impacts of heat transfer resistances on temperature measurement dynamics.
Heat transfer resistances in the measurements of cold helium vapour temperature in a subatmospheric process line In the "saddle" technique the copper block (18x15x9mm) mesh consists of hexahedral and tetrahedral elements, whilst the fluid domain uses structural mesh with higher density at the attached sensor and the pipe wall (4.2E5 nodes). In the "well" technique the tube (6x1 mm) is meshed also into hexahedral and tetrahedral elements, but the fluid domain is unstructural and consists mainly of tetrahedral elements (3.6E5 nodes). 
Conclusions
The performed numerical simulations investigate the heat transfer resistances in temperature measurements in a large-size cold helium vapour line at subatmospheric pressure. Two measurement techniques are compared, namely so-called "saddle" and "well" techniques. The obtained results allow for a quantitative comparison of the time responses of the two techniques. In contrary to intuitive predictions, the results show that the stabilization times of the both temperature measurement techniques are very similar to each other. The "well" technique has shorter response time constants, but for ΔT = T He -T TS = 0.1 K the differences do not exceed 10 sec (see Fig. 7a ). The relative time difference is lower than 5% only. Almost the same times can be explained by comparing the thermal properties of the applied materials; precisely by a combination of low thermal capacity and high thermal conductivity. Even though that the sensor in the "well" technique is much closer to the bulk of flowing helium, some significantly high thermal resistances in the grease and sensor itself play an important role. Additionally, in the "well" technique the temperature field around the sensor is not uniform as in the "saddle" technique. This may results from the vortex shedding phenomenon appearing downstream of the thin-wall tube. The copper block in the "saddle" technique, due to its high thermal conductivity, rapidly aligns the temperature around the sensor, what increases the total heat flow to the sensor. Nevertheless, the "well" technique in the first period (for much higher ΔT) responses much faster than the "saddle" technique (compare the plots in Figures 5a and 5b in the time periods from 10 sec to about 50-80 sec). For ΔT = ½ T rise the response time of the "well" technique is from 30 % to 45 % shorter (see Fig. 7b ) than in the "saddle technique for the analysed temperature rises (T rise = 0.5 K to 3 K). Description of the analysed temperature measurement techniques "Saddle" technique: a copper block with a small cave is soldered to the process pipe external surface and a temperature sensor package is located in the cave; the gap between the package and block is filled with some grease to improve thermal contact (Fig. 1a) . "Well" technique: a temperature sensor package is located inside a thin-wall stainless steel tube that is inserted into the helium process pipe; the tube is slightly longer than the radius of the pipe, so as the sensor is placed precisely in the process line center (Fig. 1b) . 
Model geometries and boundary conditions
The developed numerical models describes the incompressible, thermal and turbulent flows of cold helium vapour in a DN250 process line at the pressure of 27 mbar and temperature of 4 K. Simulations were performed for the mass flow rate of 30 g/s and 120 g/s. The pipe is considered as perfectly insulated, but the inflowing helium suddenly increases its temperature by 0.5 K, 1 K, 2 K and 3 K. Each temperature increase occurs after 10s of simulation, when the velocity profile is fully developed. 
